Background-Previous studies have suggested that women with acute myocardial infarction (AMI) are less aggressively managed than are men. The aim of this study was to assess sex differences in medical and invasive coronary procedures (angiography, PTCA, and CABG) in AMI patients admitted to cardiac care units (CCUs) in Israel in the mid 1990s and their association with early and 1-year prognosis. Methods and Results-We studied 2867 consecutive AMI patients (2125 men, 74%) hospitalized in all 25 CCUs in Israel from 3 prospective nationwide surveys conducted in 1992, 1994, and 1996. Women were, on average, older than men (69 versus 61 years, PϽ0.0001) and had a higher prevalence of hypertension, diabetes, Killip class ՆII on admission, and in-hospital complications. Women received aspirin and ␤-blockers less often than did men, but these differences were not significant after age adjustment. The unadjusted rates of thrombolysis, angiography, and PTCA/CABG use were lower in women than in men but not after covariate adjustment: 42% versus 48% (adjusted odds ratio [OR] 0.92, 95% CI 0.77 to 1.11), 23% versus 31% (OR 0.88, 95% CI 0.70 to 1.09), and 15% versus 19% (OR 0.93, 95% CI 0.72 to 1.19), respectively. The 30-day mortality was higher in women than in men (17.6% versus 9.6%, respectively; OR 1.39, 95% CI 1.06 to 1.82), but the 30-day to 1-year mortality rate was not (9.1% versus 5.6%, respectively; hazard ratio 1.18, 95% CI 0.84 to 1.66). Conclusions-This prospective nationwide observational community-based study of consecutive AMI patients hospitalized in the CCUs in the mid 1990s indicates that women fare significantly worse than do men at 30 days but not thereafter at 1-year. The difference in 30-day outcome was not influenced by the use of different therapeutic modalities, including thrombolysis and invasive coronary procedures, but was rather due to the older age and greater comorbidity of women; these findings seem also to explain the less frequent use of invasive procedures in women. (Circulation. 2000;102:2484-2490.)
P revious studies have suggested differences in the application of specific therapeutic modalities in men compared with women with acute myocardial infarction (AMI). Some studies concentrating mainly on thrombolysis and invasive coronary procedures (angiography, PTCA, and CABG) found a less invasive approach in women than in men, [1] [2] [3] [4] [5] whereas others found no evidence for sex-related differences in the use of thrombolysis or invasive procedures. 6 -10 Few studies evaluated sex differences in the use of pharmacological agents. 6 
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It is commonly held that women have a worse prognosis early after AMI, 10 -14 especially at younger ages (Յ75 years). 15 Most of the recent studies evaluated sex differences in outcome after AMI in selected populations of trials, 13, 16, 17 whereas data comparing the management and outcome in unselected male and female patients in the 1990s are scarce. 15 In the present study, we assessed sex differences in the use of pharmacological agents, thrombolytic therapy, and invasive coronary procedures (angiography, PTCA, and CABG) in 3 prospective observational community-based studies of all AMI patients admitted to all coronary care units (CCUs) in Israel in the mid 1990s and their association with 30-day and 1-year prognoses.
Methods Patients
The patients in this cohort were derived from 3 prospective nationwide surveys conducted during a 2-month period (January and February) in 1992, 1994, and 1996 in all 25 CCUs operating in Israel, as described elsewhere. 18 In brief, demographic, historical, and clinical data, including in-hospital complications, medical management, and procedures performed, were recorded on prespecified forms for 2867 consecutive participants (2125 men, 74%) by dedicated study physicians in the CCUs. There was no age limit for inclusion in the survey. The diagnosis of AMI was based on clinical, ECG, and enzymatic findings. Eligibility for inclusion in the present study was validated before discharge from the CCU. The baseline characteristics of the patients in 1992 (nϭ941), 1994 (nϭ999), and 1996 (nϭ927) were similar. The organization, data acquisition, data management, and follow-up were performed in the same coordinating center in the 3 surveys. There were no uniform guidelines for the use of thrombolytics or other medications, coronary angiography, PTCA, or CABG. Reasons for not administering thrombolytic therapy were recorded, and in patients with more than 1 reason, the reason for exclusion was selected after completion of the survey on the basis of the following scale of priority: (1) contraindication to thrombolysis, (2) disqualifying ECG, (3) late arrival, and (4) other reasons (ie, advanced age, nonspecific symptoms, death before decision was taken, and spontaneous reperfusion). On-site catheterization and CABG facilities were available in 19 and 11 of the centers, respectively.
Mortality rates at 30 days and at 1 year were assessed from hospital charts and by matching the identification numbers of the patients with the Israeli National Population Register.
Statistical Analysis
All analyses were performed using SAS statistical software (SAS Institute). To determine the significance of the differences between proportions and means, 2 and t tests, respectively, were used. Results of continuous variables are reported as meanϮ1 SD. The nonparametric Wilcoxon test was used to compare the time from pain onset to thrombolytic therapy in men and women. Two-sided probability values are reported.
In-hospital complications were compared between men and women, first without adjustment for any baseline characteristics and then with adjustment for age (SAS LOGISTIC Procedure), in terms of odds ratios (ORs) with 95% CIs.
In-hospital management was compared between men and women, first without adjustment, then with adjustment for age alone, and finally with adjustment for age and other covariates by means of multivariate stepwise logistic regression analyses (SAS LOGISTIC Procedure). In each model tested, sex of the patient was forced into the model, whereas other predictors were selected in a stepwise manner.
Mortality in men and women was compared first without adjustment, then with adjustment for age alone, and finally with adjustment for age and other covariates, with and without the addition of medications (aspirin, ␤-blockers, and ACE inhibitors) and invasive coronary procedures. To compare 30-day mortality in men and women, in terms of OR (95% CI), stepwise logistic regression analysis was performed (SAS LOGISTIC Procedure). To compare first-year mortality in 30-day survivors and cumulative first-year mortality in men and women in terms of hazard ratio (HR, with 95% CI), stepwise Cox proportional-hazard regression models (SAS PHREG Procedure) were used.
Survival curves were estimated by the method of Kaplan-Meier. The significance of the difference between the survival curves was assessed by the log-rank test (SAS LIFETEST Procedure). Multivariate adjusted survival curves were constructed by use of the SAS PHREG Procedure.
Results

Clinical Characteristics
Clinical characteristics are shown in Table 1 . Women were older than men, had greater comorbidity, and were more hemodynamically compromised on admission.
Complications
In-hospital complications ( Table 2 ) were more frequent in women than in men, except for ventricular tachycardia and fibrillation, which were more frequent in men. Adjustment for age reduced the ORs for the differences between the sexes.
Management
In-hospital management is shown in Table 3 . Women were less often treated with aspirin and ␤-blockers but more often treated with digitalis, differences that vanished after adjustment for age alone. Further adjustment for age and other covariates did not change these ORs significantly, indicating that most of the differences in their use were age-related. The frequency of ACE inhibitor use was similar for both sexes. However, after adjustment for age alone or for age and other covariates, their use was lower in women than in men.
Thrombolytic therapy was less frequently used in women than in men (Table 3) , a difference that vanished after age adjustment or after adjustment for age and other covariates. The median time from pain onset to thrombolysis was slightly longer in women than in men (3.7 versus 3.0 hours, respectively; Pϭ0.005) as the result of a longer delay from pain to admission (2.2 versus 1.6 hours, respectively; PϽ0.001) but not from admission to treatment (1.2 versus 1.2 hours, respectively; Pϭ0.82). Reasons for exclusion from thrombolytic therapy differed for men and women (Pϭ0.02).
In men (nϭ1085), the main reason was disqualifying ECG (41%), followed by late arrival (24%), contraindication (23%), and other reasons (12%), whereas in women (nϭ421), the main reasons were either disqualifying ECG (33%) or late arrival (30%), followed by contraindication (21%) and other reasons (15%). Coronary arteriography and PTCA were performed less frequently in women than in men; these differences vanished after adjustment for age alone or after adjustment for age and other covariates ( Table 3 ). Performance of CABG was infrequent for both sexes. Among catheterized patients, the rates of PTCA and/or CABG were similar in women (111 of 171, 65%) and men (411 of 656, 63%). Primary PTCA was rarely performed (2.3% of men and 0.9% of women, Pϭ0.02). Insertion of pacemakers (4% versus 5% in men and women, respectively; Pϭ0.18) and Swan-Ganz catheters (2% in men and women) were infrequent in both sexes.
Mortality
Crude mortality rates at 30 days, 30 days to 1 year, and 1 year were significantly higher in women than in men (Table 4 and men declined markedly after adjustment for age alone (Table  4 ). Further adjustments for age and other covariates revealed similar results ( Table 4 ). The covariate-adjusted risk of dying was significantly higher in women than in men at 30 days but not at 30 days to 1 year, and as a consequence, the cumulative 1-year mortality risk of dying in women relative to men was less evident ( Figure 2B ) but still existed (Table 4 ). Further adjustments for other covariates of treatment (thrombolysis, PTCA or CABG, ␤-blockers, aspirin, and ACE inhibitors) revealed similar results (data not tabulated). There was no significant interaction between age and sex, and the risk of dying did not differ significantly in young and old women along the age subgroups tested (Ͻ55, 55 to 64, 65 to 74, and Ն75 years; Figure 1 ). Analysis of patients aged Ͻ80 years and of those with a first AMI showed results similar to those of the whole cohort.
There was a significant interaction between sex and AMI type (Q wave versus non-Q wave) for 30-day (Pϭ0.02) and 1-year (Pϭ0.01) mortality. Women with Q-wave AMI fare worse than do men at 30 days (21.7% versus 10.4%, respectively; adjusted OR 1.74, 95% CI 1.28 to 2.37) and at 1-year (29.0% versus 15.3%, respectively; HR 1.53, 95% CI 1.23 to 1.91). On the other hand, the mortality of women and men with non-Q-wave AMI was similar at 30 days (8.9% versus 7.1%, respectively; adjusted OR 0.78, 95% CI 0.42 to 1.40) and at 1-year (17.4% versus 12.8%; HR 0.87, 95% CI 0.59 to 1.29). 
Discussion
This prospective observational community-based study of consecutive AMI patients of all ages hospitalized in all CCUs in Israel in the mid 1990s demonstrates that women fare significantly worse than do men at 30 days but not thereafter at 1-year. Women, on average, were older and had greater comorbidity than did men. Although a seemingly lower use in women than in men of ␤-blockers, aspirin, thrombolysis, and invasive coronary procedures was noted, after age adjustment, the medical and the invasive management of AMI in both sexes was similar. Our results indicate that sex alone does not influence the use of different therapeutic modalities and that differences in outcome were not affected by the use of different therapies, including thrombolysis and PTCA or CABG, but rather by the women's older age and the presence of more unfavorable prognostic factors and comorbidity.
In-Hospital Complications
In accordance with other studies, women had more mechanical complications (congestive heart failure, shock, and acute mitral regurgitation 6,8,10,16,17,19 -23 ), electrical complications (advanced heart block and asystole 15, 20, 24, 25 and paroxysmal atrial fibrillation 17, 20, 24 ), and stroke 8, 15, 17 than did men. Most of these complications remained more common in women even after age adjustment ( Table 2 ). The reduction in the ORs obtained after age adjustment indicates that, in part, the older age of women contributed to the sex differences in complication rates. In accordance with earlier studies, lifethreatening ventricular arrhythmias were less common in women than in men, 6, 10, 15, 20 whereas advanced heart block and asystole were more common. 15, 20, 24, 25 These findings are possibly explained by greater vagal activation in women than in men after an abrupt coronary occlusion, which may protect against arrhythmia. 26
In-Hospital Management
In accordance with previous reports, women were less likely to be treated with aspirin 6, 15 and ␤-blockers 6,15 but more likely to be treated with digitalis. 6, 22 However, after age or covariate adjustments, the medical management was similar, in accordance with other findings, 6 except for ACE inhibitors, which, after adjusting for age alone, were used significantly less in women than in men. It seems that because of the greater use of ACE inhibitors at older ages (30% for Ͻ65 years versus 39% for Ն65 years, PϽ0.0001), adjustment for age unmasks the sex difference in their use.
Several earlier studies noted that women were less likely to receive thrombolysis even after adjustment for ineligibility due to older age, comorbid conditions, and late arrival. 4, 27, 28 In the present study, the difference in thrombolysis use disappeared after adjustment for age alone. Similar to earlier reports, the time from pain onset to arrival was longer in women, which may explain the delay in administering thrombolysis in women 10, 16, 17, 23 and the higher proportion of women excluded from thrombolytic therapy because of late arrival. 4 Women underwent less coronary angiography and revascularization than did men, a difference that disappeared after age adjustment. These findings are in accordance with studies reporting similar rates of these procedures in men and women 7,8 -10,21,29 but in discordance with others. 1, [3] [4] [5] 15 Furthermore, once angiography was performed, there were no sex-related differences in the use of PTCA and/or CABG (65% and 63% of catheterized women and men, respectively), in accordance with most earlier reports. 2, 4, 21, 30 The differences in invasive procedure rates in the various reports may be related, in part, to the study populations tested. In our survey, all consecutive AMI patients hospitalized in CCUs were included, whereas others studied first AMIs with an age limitation, 10 patients with discharge diagnosis of AMI, 7 selected and nonconsecutive AMI patients participating in a clinical trial, 2, 8, 9, 23 or patients with a statewide abstracted discharge diagnosis of AMI. 1, 5 Moreover, differences among states and countries in patient characteristics and management, 31 as well as differences between hospitals in the same country, 32 may account for the diverging results.
Mortality
Previous reports suggested that less aggressive management of AMI in women may explain some of their excess mortality. 1, 5 In the present study, after age adjustment, women fare worse only at 30 days but not thereafter. Adjustments for other baseline covariates with and without treatments (thrombolysis, PTCA or CABG, ␤-blockers, aspirin, and ACE inhibitor) did not change the mortality risk of women. Furthermore, inasmuch as after age adjustment, no differences were observed in the management of men and women, most of the difference in mortality seems to be age-related and not associated with differences in therapy.
In accordance with most previous studies and reviews, 11, 14, 16, 17, 19 an increased crude mortality in women during the early phase after AMI was found. Adjustments for age and/or clinical characteristics decreased the magnitude of the relative risk of women to men but did not eliminate it. On the other hand, after the early phase, only a few studies reported an increased crude mortality in women, and when adjustments were made for age and other baseline characteristics, the prognosis for women did not differ from that for men, 11, 12, 14, 17, 33 and in some studies, women fared even better. 11, 14, 19 In a recent publication from the National Registry of Myocardial Infarction-2 (NRMI-2), Vaccarino et al 15 noted an increased in-hospital mortality among women compared with men aged 30 to 89 years (16.7% versus 11.5%, respectively). Sex-based differences in mortality varied according to age. Among patients aged Ͻ50 years, the mortality among women was more than twice that of men. The difference in the rates decreased with increasing age and was no longer significant after the age of 74 (PϽ0.001 for interaction between sex and age). The present study is in discordance with that large study on several points but in accordance with the findings of others. 16 In the present study, no significant interaction was observed between age and sex, and the risk of dying did not differ significantly in young and old women compared with men along the age subgroups tested. Also, the proportion of women in the present study and in most cohorts published was much smaller (26%) than that in the NRMI-2 (40%), whereas the frequency of thrombolytic, ␤-blocker, and ACE inhibitor use was higher in our cohort. Our results are in accordance with a recent study by Hochman et al, 24 who showed a significant interaction between sex and AMI type (Q wave versus non-Q wave). Thus, only women with Q-wave AMI fare worse than do men at 30 days and 1 year, whereas the outcome of women and men with non-Q-wave AMI was similar.
Study Limitations
The present study included only patients with AMI who were hospitalized in the CCUs but not patients dead on arrival or those who died in the emergency room or who were admitted to the general ward. Because the decision to admit patients with AMI to the CCU was not directed by a national policy but rather was left to the discretion of each center and to bed availability, we cannot exclude the possibility, described by others, 34 that older patients (a group that included more women) were admitted to the ward. The more advanced age of women, concomitant medical illnesses, longer time from symptom onset to hospitalization, atypical presentation of AMI symptoms, and nonspecific ECG changes, might have reduced the probability of being admitted to a CCU and of receiving thrombolytics or undergoing invasive coronary procedures, which are usually initiated in the CCU setting.
In all 3 surveys (in 1992, 1994, and 1996), our registry was performed in January and February to eliminate the effect of potential seasonal variations. We do not have information regarding the incidence of mortality rates during other months, and we cannot exclude a seasonal variation as well, with lower mortality rates in nonwinter months. 35 It is conceivable that if such seasonal variation exists, it will affect mortality of both sexes similarly, as noted by others. 35 However, during periods with lower incidence of AMI, the availability of performing an angiogram or PTCA/CABG may increase and may include more patients who at other seasons could have been excluded from such procedures (ie, the elderly, women, and patients with comorbidities).
Conclusions
This prospective observational community-based study of unselected AMI patients hospitalized in the CCUs in the mid 1990s, including those who did not receive thrombolytics, indicates a higher mortality in women at 30 days but not thereafter. This difference in outcome was not associated with a difference in the use of therapeutic modalities, including thrombolysis and invasive coronary procedures, but rather with the older age and greater comorbidity of women. The lower use of invasive procedures in women relates also to their older age and higher comorbidity rate.
